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Problem: Making Publications FAIR Is a Downstream Task

-
Problem: ORKG focuses on published

articles, so making them FAIR is a

downstream task and often not done by

the author.
\_

J

28

®
Author

create

Publication| PDF

understand

v enter

A 4
N O
n
SN e

Knowledge graph

produce

ATh

Reader

*l.

ORKG-

Infrastructure



Promotion of Open Science in Requirements Engineering — Leveraging the Open Research Knowledge Graph for FAIR Scientific Information

LEIBNIZ INFORMATION CENTRE
FOR SCIENCE AND TECHNOLOGY
UNIVERSITY LIBRARY

Solution: “FAIR-by-Design” Artifacts and SciKGTeXI8!

4 )

Solution: “FAIR-by-Design” Artifacts.
SciKGTeX supports authors in making their
publication FAIR at the time of creation.

\. J

« Authors describe their publication with
FAIR information only once and in parallel
at the time of creation

« SciKGTeX embeds FAIR information into
the PDF metadata as a knowledge graph

» Persistent over PDF lifetime
« Available for anyone
 Reusable, e.qg., import into ORKG
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[8] Bless et al.: SciKGTeX — A LaTeX Package to Semantically Annotate Contributions in Scientific Publications. 2023 ACM/IEEE Joint Conference on Digital Libraries (JCDL),

DOI: 10.1109/JCDL57899.2023.00030, 2023.



https://doi.org/10.1109/JCDL57899.2023.00030
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SciKGTeX — Scientific Knowledge Graph TeX

 Predefined commands for annotation

« 3 commands for metadata \usepackage{scikgtex}

- Title \begin{document}
* Author _ The role of \researchproblem{antibiotic therapy} is controversial.
* Research field The purpose of this study was to \objective{determine the
« 5 commands for content effectiveness of high-dose amoxicillin/potassium clavulanate in the

treatment of children}.

* Research problem This was a \method{randomized, double-blind, placebo-controlled
* Objective study}.

«  Method \result{Children receiving the antibiotic were more likely to be
cured (50% vs 14%) than children receiving the placebo}.

* Result \conclusion{Amoxicillin/potassium clavulanate results in
 Conclusion significantly more cures and fewer failures than placebo}.
- Support for own custom annotations \end{document}
« REFSQ'24 and REFSQ’'25 ask for _ _
- Code repository Complete documentation and latest version:

- Dataset https://github.com/Christof93/SciKGTeX



https://github.com/Christof93/SciKGTeX
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Set up a LaTeX Project (using Overleaf)

6verleaf

New Project

Blank Project
Example Project

Upload Project

Import from GitHub

Academic Journal
Book
Formal Letter
Homework Assignment

Poster

Archived Projects

‘ Q, Search in archived projects...

Title

1. Download Example.zip

https://bit.ly/49RjRbO
2. Open Overleaf

https://www.overleaf.com/

3. Upload Example.zip

New Project - Upload Project

4. Select or drag zip file

("Remark:

We only use an abstract for the
annotations as a simplified
example. Annotations can be
used anywhere (in one or more

\ LaTeX files).

~N

J



https://bit.ly/49RjRbO
https://www.overleaf.com/
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0. Add SciKGTeX

6 Menu N Upgrade

e

‘documentclass{article}

Files to the Project

c,i{'a Review w Share Q Submit 9 History m Layout ~ ’ Chat

Example

)  Normal text BI Bo

example.tex
‘wsepackagef{url}
scikgtex.lua
% 0. Add scikgtex files (.lua and .sty) to the project: Already done

% 1. Change compiler from pdfLaTeX to LualLaTeX in the Overleaf settings

scikgtex.sty

% 2. Add SciKGTeX package

[ R T R ST Y

‘“begin{document}

% 3. Annotate the title of the paper using the command ‘metatitle{}

Divide and Conguer the EmpiR.

12+ \title{Divide and Conquer the EmpiRE:“‘ A Community-Maintainable Knowledge Graph . i X
of Empirical Research in Requirements Engineering A Com mUT"IIt.‘Y Maintainable KIIUW]edge Gra‘ph of
= ¥ Empirical Research in Requirements Engineering

% 4. Annotate authors of the paper using the command ‘metaauthor{} Oliver Karras Felix Wernlein Jil Kliinder Siren Auer

16 MNauthor{Oliver Karras ‘and Felix Wernlein ‘and 111 Klinder ‘and Séren Auerl}

April 18, 2024

‘\maketitle
Abstract

|Back d.| Empirical research in i aneering (L)
is a constantly evolving topic, with a growing number of publications.
Several papers address this topic using literature reviews to provide a
snapshot of its “current” state and evolution. However, these papers have
never built on or updated & ing in overlap and redun
dancy. The underlying probl i
works, Researchers need bech E le:
literature reviews, [Aims.] We examine the use of the Open Rescarch
Knowledge Graph (ORKG) as such an infrastructure to build and publish
an initial Knowledge Graph of Empirical research in RE (KG-EmpiRE)
whose data is openly available. Our long-term goal i to continuously
maintain KG-EmpiRE with the research community to synthesize a com-
prehensive, up-to-date, and long term available overview of the state and

20 % 5. Annotate the research problem, objective, method, result, and conclusion of

~ File outline the paper using the commands‘researchproblem{}, ‘objective{}, ‘\method{},

“result{}, “conclusion{}
21+ \begin{abstract}

22 [Background.] Empirical research in reguirements engineering (RE) is a constantly

We can’t find any sections
or subsections in this file.
Find out more about the
file outline

evolving topic, with a growing number of publications. Several papers address this
topic using literature reviews to provide a snapshot of its “‘current'' state and

evolution. However, these papers have never built on or updated earlier ones,

resulting in overlap and redundancy. The underlying problem is the unavailability

: - p svolution of empirical research in RE. [Method] We cond lit
of data from earlier works. Researchers need technical infrastructures to conduct evolution o empircal arch in ! 1 con Iltl" ’: |;=ra
3 which we
sustainable literature reviews. [Aims.] We examine the use of the Open Research evaluate against derived from a i vision ol

empirieal rosearc 1) enginocring for 2020 - 2025,
[Results.] From 570 papers of the IEEE International Requirements En-
gincering Conference (2000 2022), we extract and analyze data on the
reported empirical research and answer 16 out of 77 competency ques-
tions. These answers show a positive development towards the vigion, but
alen the need for future improvements. [Conclugions.] The ORKG i
ready-to-uge and advanced infrastructure to organize data from literature
reviews as knowledge graphs, The resulting knowledge graphs make the
it openly available and maintai Dy research ities, enabling
sustainable literature reviews.

Knowledge Graph (ORKG) as such an infrastructure to build and publish an initial
Knowledge Graph of Empirical research in RE (KG-EmpiRE) whose data is openly
available. Our Tong-term goal is to continuously maintain KG-EmpiRE with the
research community to synthesize a comprehensive, up-to-date, and long-term

available overview of the state and evolution of empirical research in RE.
[Method.] We conduct a literature review using the ORKG to build and publish KG-
EmpiRE which we evaluate against competency questions derived from a published

vision of empirical research in software {requirements) engineering for 2020 --
2025. [Results.] From 570 papers of the IEEE International Requirements
Engineering Conference (2000 -- 2022}, we extract and analyze data on the reported
empirical research and answer 16 out of 77 competency questions. These answers ®

show a positive development towards the wision, but also the need for future e =

The following
two files must
be present:

« scikgtex.lua
* scikgtex.sty
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1. Change Complier from pdfLaTeX to LuaLaTeX

Download

Source
Actions
7 Copy Project
@ Word Count
Sync
% Dropbox
F Git
€ GitHub
Settings
Compiler
TeX Live version
Main document

Spell check

PDF

| pdfLaTeX

pdfLaTeX
LaTeX
XeLaTeX
LuaLaTex

| LTSI

ENE

BI @Ba -

) ¢ Normal text

files (.7ua and .sty) to the project: Already done
er from pdfLaTex to LualaTeX in the Overleaf settings

package

title of the paper using the command ‘metatitle{l
Conguer the EmpiRE:%’ A Community-Maintainable Knowledge Graph of
I in Requirements Engineering

iors of the paper using the command “metaauthor{}
'ras “and Felix Wernlein “and 111 Klinder “and Séren Auer}

research problem, objective, method, result, and conclusion of the

immandshresearchproblem{}, “objective{}, ‘method{}, “result{},

rical research in requirements engineering (RE) 15 a constantly
th a growing number of publications. Several papers address this
iture reviews to provide a snapshot of 1ts " “current’'' state and

', these papers have never built on or updated earlier ones, resulting

It is necessary to compile
your LaTeX source with
LualLaTeX for the
SciKGTeX package to
work.
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2. Add the SciKGTeX Package to the LaTeX File

(=T - e B - R B L L

=
H o

“wdocumentclass{article}

wusepackagefurl}

% 0. Add scikgtex files (.Tua and .sty) to the project: Already done

% 1. Change compiler from pdfLaTeX to LualLaTeX in the Overleaf settings

% 2. Add S5ciKGTeX package

Ybegin{document}

Add the command to the
preamble of the LaTeX
file:

\usepackage{scikgtex}
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2. Add the SciKGTeX Package to the LaTeX File: Result

=T I N < I . L T

=
oo

‘documentclass{article}

‘usepackage{url}

% 0. Add scikgtex files (.Tua and .sty) to the project: Already done

% 1. Change compiler from pdfLaTeX to LuaLaTeX in the Overleaft settings

% 2. Add 5ciKGTeX package
wusepackage{scikgtex}

‘begin{document}

Add the command to the
preamble of the LaTeX
file:

\usepackage{scikgtex}
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3. & 4. Annotate Metadata of the Paper

10
11
12
13

14
15
16
17
18
19
20

Yhegin{document}

% 3. Annotate the title of the paper using the command “metatitle{}
Ywtitle{Divide and Conguer the EmpiRE:“%, A Community-Maintainable Knowledge Graph of

Empirical Research in Requirements Engineering

¥

% 4. Annotate authors of the paper using the command ‘metaauthor{}

wauthor{0Tiver Karras “and Felix Wernlein “and J11 Kldnder “and 58ren Auer}

Wmaketitle

1. Annotate the title
\metatitle{}

2. Annotate the authors
\metaauthor{}

(Rem ark: \

The command \metaauthor{}
must be used individually for
each author. With four authors,
you need the command four

\ limes. Yy,
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3. & 4. Annotate Metadata of the Paper: Result

10
11
12
13

14
15
16
17

15
19
20

“Ybegin{document}

% 3. Annotate the title of the paper using the command ‘metatitle{}
YtitTe{\metatitle{Divide and Conquer the EmpiRE:% A Community-Maintainable Knowledge

Graph of Empirical Research in Reguirements Engineering}

b

% 4. Annotate auwthors of the paper using the command ‘metaauthor{}
wauthor{'\metaauthor {0Tiver Karras} “and ‘metaauthor{Felix Wernlein} “and
wmetaauthor{111 Klinder} “and “metaauthor{56ren Auer}}

Wmaketitle

1. Annotate the title
\metatitle{}

2. Annotate the authors
\metaauthor{}

(Rem ark: \

The command \metaauthor{}
must be used individually for
each author. With four authors,
you need the command four

\ limes. Yy,
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5. Annotate Content of the Paper

22
23

24

21 % 5. Annotate the research problem, objective, method, result, and conclusion of the

paper using the commands’researchproblem{}, “objective{}, ‘“method{}, “wresult{},
wconclusiond}

“begin{abstract}

[Background.] Empirical research in reguirements engineering (RE) is a constantly
evolving topic, with a growing number of publications. 5Several papers address this
topic using literature reviews to provide a snapshot of its ~“current’’ state and
evolution. However, these papers have never built on or updated earlier ones, resulting
in overlap and redundancy. The underlwying problem is the unavailability of data from
earlier works. Researchers need technical infrastructures to conduct sustainable

Titerature reviews. [Aims.] We examine the use of the Open Research Knowledge Graph

comprehensive, up-to-date, and Tong-term available overview of the state and evolution

of empirical research in RE. [Method.] We conduct a Titerature review using the ORKG to

a published wision of empirical research in software (reguirements) engineering for
2020 -- 2025. [Results.] From 570 papers of the IEEE International Reguirements
Engineering Conference (2000 -- 2022), we extract and analyze data on the reported
empirical research and answer 16 out of 77 competency questions. These answers show a
positive development towards the vision, but also the need for future improvements.
from Titerature reviews as knowledoe graphs. The resulting knowledge graphs make the
data openly available and maintainable by research communities, enabling sustainable
literature rewviews.

wend{abstract}

1. Annotate the research
problem

\researchproblem{}

2. Annotate the objective
\objective{}

3. Annotate the method
\method{}

4. Annotate the result
\result{}

5. Annotate the conclusion
\conclusion{}
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5. Annotate Content of the Paper

21

%

5. Annotate the research problem, objective, method, result, and conclusion of the

emark:

R
/AII commands can be used multiple times.
The annotated text elements should be as short as

possible and as long as necessary.
Definitions:

Research problem: Issue or gap in existing
knowledge addressed by the paper.

Objective: Goal that the paper aims to achieve.

Method: Systematic approach, technique, or
action plan used in the paper to achieve a goal
and result.

Result: Outcome from a systematic approach,
technique, or action plan used in the paper.
Conclusion: Findings from the analysis of the
research results in the paper.

N

/

1. Annotate the research
problem

\researchproblem{}

2. Annotate the objective
\objective{}

3. Annotate the method
\method{}

4. Annotate the result
\result{}

5. Annotate the conclusion
\conclusion{}
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5. Annotate Content of the Paper: Result

22
23

24

21 % 5. Annotate the research problem, objective, method, result, and conclusion of the

paper using the commands‘researchproblem{}, “wobjective{}, “method{}, “result{},
wconclusiond}

“Wbegin{abstract}

[Background.] Empirical research in reguirements engineering (RE) 1s a constantly
evolving topic, with a growing number of publications. Several papers address this
topic using Titerature reviews to provide a snapshot of 1ts " “current'' state and
evolution. However, these papers have never built on or updated earlier ones, resulting
in overlap and redundancy. The underlying problem is the
Wresearchproblem{unavailability of data from earlier works}. Researchers need technical
infrastructures to conduct sustainable Titerature reviews. [Aims.] We examine the

pubTlished wision of empirical research in software (requirements) engineering for 2020
-- 2025. [Results.] “result{From 570 papers of the IEEE International Requirements
Engineering Conference (2000 -- 2022), we extract and analyze data on the reported
empirical research} and ‘“result{answer 16 out of 77 competency questions}. These
answers show a positive development towards the vision, but also the need for future
improvements. [Conclusions.] “conclusion{The QRKG 15 a ready-to-use and advanced
infrastructure to organize data from Titerature reviews as knowledge graphs}. The
resulting knowledge graphs make the data openly available and maintainable by research
communities, enabling sustainable Titerature rewviews.

wend{abstract}

1. Annotate the research
problem

\researchproblem{}

2. Annotate the objective
\objective{}

3. Annotate the method
\method{}

4. Annotate the result
\result{}

5. Annotate the conclusion
\conclusion{}
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6. Annotate Content of the Paper with Invisible Markup

21

22
23

24

% 5. Annotate the research problem, objective, method, result, and conclusion of the

N

paper using the commands\researchproblem{}, “objective{}, “method{}, “result{},

wconclusiond}

“Wbegin{abstract}

[Background.] Empirical research in reguirements engineering (RE) 1s a constantly
evolving topic, with a growing number of publications. Several papers address this
topic using Titerature reviews to provide a snapshot of 1ts " “current'' state and
evolution. However, these papers have never built on or updated earlier ones, resulting
in overlap and redundancy. The underlying problem is the
Wresearchproblem{unavailability of data from earlier works}. Researchers need technical
infrastructures to conduct sustainable Titerature reviews. [Aims.] We examine the

pubTlished wision of empirical research in software (requirements) engineering for 2020
-- 2025. [Results.] “result{From 570 papers of the IEEE International Requirements
Engineering Conference (2000 -- 2022), we extract and analyze data on the reported
empirical research} and ‘“result{answer 16 out of 77 competency questions}. These
answers show a positive development towards the vision, but also the need for future
improvements. [Conclusions.] “conclusion{The QRKG 15 a ready-to-use and advanced
infrastructure to organize data from Titerature reviews as knowledge graphs}. The
resulting knowledge graphs make the data openly available and maintainable by research
communities, enabling sustainable Titerature rewviews.

wend{abstract}

What can | do, if the text is
not suitable for annotation?

Example:

‘... \method{evaluate against
competency questions} ...”

Solution:

\method*{evaluation against
competency questions}

fRemark:
This text is added to the PDF
metadata, but not rendered in

kthe text of the PDF. y
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6. Annotate Content of the Paper with Invisible Markup: Result

21

22
23

24

25

26

27

28

% 5. Annotate the research problem, objective, method, result, and conclusion of the
paper using the commands‘\researchproblem{}, ‘objectivel}, ‘method{}, “\result{},
‘wconclusion{}

‘begin{abstract}

[Background.] Empirical research in reqguirements engineering (RE) is a constantly
evolving topic, with a growing number of publications. Several papers address this
topic using literature reviews to provide a snapshot of its ~“current’' state and
evolution. However, these papers have never built on or updated earlier ones, resulting
in overlap and redundancy. The underlying problem is the unavailability of data from
earlier works. Researchers need technical infrastructures to conduct sustainable

Titerature reviews. [Aims.] We examine the ‘objective{use of the Open Research

community to swynthesize a comprehensive, up-to-date, and Tong-term available overwview
of the state and evolution of empirical research in RE. [Method.] We conduct a
evaluate against competency questions derived from a published wision of empirical
research in software (requirements) engineering for 2020 -- 2025. [Results.]
‘“result{From 570 papers of the IEEE International Requirements Engineering Conference
(2000 -- 2022), we extract and analyze data on the reported empirical research} and
‘result{answer 16 out of 77 competency questions}. These answers show a positive
development towards the vision, but also the need for future improvements.

organize data from literature reviews as knowledge graphs}. The resulting knowledage
graphs make the data openly available and maintainable by research communities,
enabling sustainable 1iterature reviews.

‘end{abstract}

% 6. If written text is not suitable for annotation, we can also annotate invisible
text using the *-notation

‘researchproblem®{unavailability of the extracted and analyzed data from literature
reviews}

‘\method*{evaluation against competency guestions}

What can | do, if the text is
not suitable for annotation?

Example:

‘... \method{evaluate against
competency questions} ...”

Solution:

\method*{evaluation against
competency questions}

fRemark: A
This text is added to the PDF
metadata, but not rendered in

kthe text of the PDF. y
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Comparison of Annotated Paper Versions

21

22
23

24

% 5. Annotate the research problem, objective, method, result, and conclusion of the
paper using the commands‘researchproblem{}, “wobjectiwve{}, ‘method{}, “result{},
woconclusion{}

“begin{abstract}

[Background.] Empirical research in reguirements engineering (RE) 15 a constantly
evolving topic, with a growing number of publications. Several papers address this
topic using Titerature reviews to provide a snapshot of 1ts " "current'' state and
evolution. However, these papers have never built on or updated earlier ones, resulting
in overlap and redundancy. The underlying problem is the
Yresearchproblem{unavailability of data from earlier works}. Researchers need technical

infrastructures to conduct sustainable literature reviews. [Aims.] We examine the

pubTlished vision of empirical research in software (requirements) engineering for 2020
-- 2025. [Results.] “result{From 570 papers of the IEEE International Requirements
Engineering Conference (2000 -- 2022), we extract and analyze data on the reported
empirical research} and ‘result{answer 16 out of 77 competency questions}. These
answers show a positive development towards the wision, but also the need for future
improvements. [Conclusions.] “conclusion{The ORKG
infrastructure to organize data from Titerature reviews as knowledge graphs}. The
resulting knowledge graphs make the data openly awvailable and maintainable by research
communities, enabling sustainable Titerature reviews.

wend{abstract}

21

22
23

24

25

26

27

28

% 5. Annotate the research problem, objective, method, result, and conclusion of the
paper using the commands‘researchproblem{}, ‘objectivel{}, ‘method{}, ‘\result{},
‘wconclusion{}

‘begin{abstract}

[Background.] Empirical research in reqguirements engineering (RE) is a constantly
evolving topic, with a growing number of publications. Several papers address this
topic using literature reviews to provide a snapshot of its ~“current’' state and
evolution. However, these papers have never built on or updated earlier ones, resulting
in overlap and redundancy. The underlying problem is the unavailability of data from
earlier works. Researchers need technical infrastructures to conduct sustainable

Titerature reviews. [Aims.] We examine the ‘objective{use of the Open Research

community to swynthesize a comprehensive, up-to-date, and Tong-term available overwview
of the state and evolution of empirical research in RE. [Method.] We conduct a
evaluate against competency questions derived from a published wision of empirical
research in software (requirements) engineering for 2020 -- 2025. [Results.]
‘“result{From 570 papers of the IEEE International Requirements Engineering Conference
(2000 -- 2022), we extract and analyze data on the reported empirical research} and
‘result{answer 16 out of 77 competency questions}. These answers show a positive
development towards the vision, but also the need for future improvements.

organize data from literature reviews as knowledge graphs}. The resulting knowledage
graphs make the data openly available and maintainable by research communities,
enabling sustainable 1iterature reviews.

‘end{abstract}

% 6. If written text 1s not suitable for annotation, we can also annotate invisible
text using the *-notation

‘researchproblem®{unavailability of the extracted and analyzed data from literature
reviews}

‘\method*{evaluation against competency guestions}
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7. (Optional) Annotate Research Field

_ 1. Annotate the research
Remark: . field

1. Apaper inthe ORKG is assigned to a research field based on _
DFG classification. All research fields: https://orkg.org/fields. \researchfield{}

2. URI_of thg QRKG Tc.emantlc web resource for Software 2 Refer to the ORKG
Engineering: https://orkg.org/resource/R140. semantic web resource

3. Use the command \uri{"URI"}{"Label”} inside an annotation to Sof : :
refer to resources in the semantic web. The first argument is the oftware Engineering
URI to the semantic resource and the second is an optional \uri{“URI"{“Label"}
Label.

4. The term “Software Engineering" does not appear in the abstract,

\ so we need an invisible annotation and we also use the \uri{}{}/

command to create a reference to the semantic resource.



https://orkg.org/field/R140/Software_Engineering
https://orkg.org/fields
https://orkg.org/resource/R140
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/. (Optional) Annotate Research Field: Result

29
30

—_

% 7. Optional: Annotate research field of the paper
“researchfield*={‘\uri{https://orkg.org/resource/R140}{Software Engineering}}

2.

3.

\_

mark: \

[ Re
1. Apaper inthe ORKG is assigned to a research field based on the

DFG classification. All research fields: https://orkg.org/fields.

URI of the ORKG semantic web resource for Software
Engineering: https://orkg.org/resource/R140.

Use the command \uri{*"URI"}{"Label”} inside an annotation to
refer to resources in the semantic web. The first argument is the
URI to the semantic resource and the second is an optional
Label.

The term “Software Engineering" does not appear in the abstract,

so we need an invisible annotation and we also use the \uri{}{}
command to create a reference to the semantic resource. /

1. Annotate the research
field

\researchfield{}

2. Refer to the ORKG
semantic web resource
Software Engineering

\uri{*"URI"}{"Label”}



https://orkg.org/field/R140/Software_Engineering
https://orkg.org/fields
https://orkg.org/resource/R140
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8. Use Custom Annotations of REFSQ’24 and REFSQ’25

33 % 8. Optional: Using REFS5Q'24 and REFSQ'25% annotations

34 Svcontribution®*{code repository}{durl{https:/ /github. com/okarras/EmpiRE-Analy=is}}
35  Svcontribution®{dataset}{\url{https:// orko.org/ api /rdf /dump}}

36

37 vwend{document}

1. Annotate the code
repository

/ \ \contribution{code repository}{}
Remark:

1. Use the command \contribution{*Property name”}{“Label’} to add 2. Annotate the dataset
a custom annotation for your domain. The first argument is the \contribution{dataset}{}
Property name of the property from the ORKG you want to use,
and the second is an optional Label. SciKGTeX checks if a
property with the provided exact Property name exists and
replaces it with the internal property ID in the ORKG namespace.

% All ORKG properties can be found here: https://orkq.orq/propertiesj



https://orkg.org/properties
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9. Generate FAIR-Annotated PDF of the Paper
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example.tex
scikgtex.lua

scikgtex.sty

w File outline

We can't find any sections
or subsections in this file.
Find out more about the
file outline
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“documentclass{article}
“wusepackage{ur1}

Add scikgtex files (.lua and .sty) to the project: Already done

Change compiler from pdfLaTeX to LualaTeX in the Overleaf settings

% 2. Add SciKGTeX package
“wusepackage{scikgtex}

“begin{document}

% 3. Annotate the title of the paper using the command ‘\metatitle{}
Ntitle{\metatitle{Divide and Congquer the EmpiRE:\\ A Community-Maintainable
Knowledge Graph of Empirical Research in Requirements Engineering}

i

% 4. Annotate authors of the paper using the command “metaauthor{}
‘metaauthor {111 Klinder} ‘\and ‘\metaauthor{Siren Auer}}

“maketitle

% 5. Annotate the research problem, objective, method, result, and conclusion of
the paper using the commands\researchproblem{}, “objective{}, ‘method{},
result{}, “conclusion{}

“beginfabstract}

[Background.] Empirical research in requirements engineering (RE) is a constantly
evolving topic, with a growing number of publications. Several papers address this
topic using literature reviews to provide a snapshot of its “~“current’'® state and
evolution. However, these papers have never built on or updated earlier ones,
resulting in overlap and redundancy. The underlying problem is the unavailability
of data from earlier works. Researchers need techmical infrastructures to conduct

sustainable Titerature reviews. [Aims.] We examine the “objective{use of the Open

initial Knowledge Graph of Empirical research in RE (KG-EmpiRE) whose data 1s
openly available}. Our Tlong-term goal is to continuously maintain KG-EmpiRE with
the research community to synthesize a comprehensive, up-to-date, and long-term
available overview of the state and evolution of empirical research in RE.

published vision of empirical research in software (reguirements) engineering for
2020 -- 2025. [Results.] “result{From 570 papers of the IEEE International
Reguirements Engineering Conference (2000 -- 2022), we extract and analvze data on

W

Divide and Conquer the EmpiRE:

A Community-Maintainable Knowledge Graph of
Empirical Rescarch in Requirements Engincering

Oliver Karras Felix Wernlein Jil Khinder Soren Auer

April 19, 2024

Abstract

[Background.] Empirical research in requirements engineering (RE)
s a constantly evolving topic, with a growing number of publ 5
veral papers address this tople using literature reviews to provide a
snapshol of its “current” state and evolution. However, these papers have
never built on or updated earlier ones, resulting in overlap and redun-
dancy. The underlying problem is the nnav v of data from earlier
works, Researchers need technical infrastructures to conduct sustainable
literature reviews, [Alms.| We
Knowledge Craph (ORKG) as such an infrastructure Lo build and publish
an initial Knowledge Graph of Empirical research in RE (KG-Em;
whose data is openly available. Our long-term goal is to continuousty
maintain K- EmpiRE with the research community to synthesize a com
lable overview of the state and
on of empirical rescarch in RE. [Method ] We conduct a Litera-
ture review using the ORKG to build and publish KG-EmpillE wh we
evaluate against competency questions derived from a published vision of
empirieal research in software (requirements) engineering for 2020 — 20125,
[Results.] From 570 papers of the IEEE International Requirements En
nference (2000 — 2022), we extract and analyze data on the
reporled empirical research and answer 16 oul of 77 compelency ques-
tions. These answers show a positive development towards the vision, but
also the need for future improvements. [Conclusions.] The ORKG is a
ready touse and advanced infrastructure to organize data from literature
reviews as knowledge graphs, The resulting knowledge graphs make the
data openly available and maintainable by research ities, enabling
sustainable lileralure reviews.

m Layout ~ ’ Chat

Simply...
recompile

Remark:

Each recompile
adds the
annotations to the
metadata of the
generated PDF.




Promotion of Open Science in Requirements Engineering — Leveraging the Open Research Knowledge Graph for FAIR Scientific Information

LEIBNIZ INFORMATION CENTRE
FOR SCIENCE AND TECHNOLOGY)
UNIVERSITY LIBRARY

9. Generate FAIR-Annotated PDF of the Paper

6Menu _
Enmt

B example.tex

Upgrade

I scikgtex.lua
B scikgtex.sty

~ File outline

We can't find any sections
or subsections in this file.
Find out more about the

file outline
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Example

Normal text

BI Ba -

“documentclass{article}
“usepackage{ur1}

% 0. Add scikgtex Tiles (.Tua and .sty) to the project: Already done
% 1. Change compiler from pdflLaTeX to LualaTeX in the Overleaf settings

% 2. Add ScikGTeX package
“usepackage{scikgtex}

‘\begin{document}
% 3. Annotate the title of the paper using the command “metatitlel}

Knowledge Graph of Empirical Research in Requirements Engineering}

1
% 4. Annotate authors of the paper using the command ‘\metaauthor{}

“metaauthor{] } “and ‘\metaauthor {56 ert}

‘maketitle

% 5. Annotate the research problem, objective, method, result, and conclusion of
the paper using the commands‘\researchproblem{}, ‘“objective{}, ‘method{},
wresult{}, ‘conclusion{}

“beginf{abstract}

[Background.] Empirical research in requirements engineering (RE) is a constantly
evolving topic, with a growing number of publications. Sewveral papers address this
topic using literature reviews to provide a snapshot of its '“current'’ state and
evolution. However, these papers have never built on or updated earlier ones,
resulting in overlap and redundancy. The underlying problem is the unavailability
of data from earlier works. Researchers need technical infrastructures to conduct
sustainable Titerature reviews. [Aims.] We examine the use of the Open Research
Knowledge Graph of Empirical research in RE (KG-E ) whose data is openly
available. Our long-term goal is to continuously maintain KG-EmpiRE with the
research community to synthesize a comprehensive, up-to-date, and long-term

available overview of the state and evolution of empirical research in RE.

* Share

% Review Q Submit 3 History

£ Recompile

Package SciKGTeX Warning: No researchproblem annotation found! Are you sure
you don't want to mark an entity with researchproblem?

Package SciKGTeX Warning: No objective annotation found! Are you sure you
don't want to mark an entity with objective?

Package SciKGTeX Warning: No method annotation found! Are you sure you don't
want to mark an entity with method?

Package SciKGTeX Warning: No result annotation found! Are you sure you don't
want to mark an entity with result?

Package SciKGTeX Warning: No conclusion annotation found! Are you sure you
don't want to mark an entity with conclusion?

Raw logs

Thiz iz LuaHBTeX, Version 1.16.8 (TeX Live 2823) (format=lualatex 2823.8.28)
system commands enabled.

**example.tex

(./example.tex

LaTeXZe <2823-86-81> patch lewvel 1

L3 programming layer <2823-86-38>

FL s l=e Sl

® Clear cached files

m Layout ~ , Chat

Jexample.tex

Jexample.tex

Jexample.tex

Jexample.tex

Jexample.tex

19 APR 2824 96:36

Other logs and files

For the 5
predefined
commands for
content,
SciKGTeX
also provides
warnings if an
annotation is
missing.
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10. Check the FAIR information embedded in the PDF

Cab Review  948% Share () Submit  'D) History  [T] Layout ~ @ Chat “
S o s 1. C_)pe”n Logs and outputs
files
i :rsr ;::::::?;::ii? 1.16.@ (TeX Live 2823) (format=lualatex 2823.5.28) 18 APR 2824 13:11 2 ] SeIeCt “Other IOgS and
B files”

LaTeX2e <2823-86-21> patch level 1
L3 programming layer <2823-86-38>

3. Download
“output.xmp_metadata.xml”

4. Open
“‘output.xmp_metadata.xml”

outputaux ( Remark: \

output.chktex

outputiog We only use an abstract for the
output pdbret annotations as a simplified

output.stderr

output stdout example. Annotations can be
used anywhere (in one or more

output.xmp_metadata.xml

B — \ LaTeX files). Y,
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10. Check the FAIR information embedded in the PDF

<?xpacket begin="?" id="a7c48312-233b-400b-c0f3-0c296941c6"?>
v <x:xmpmeta xmlns:x="adobe:ns:meta/">

xmlns:rdfs="http://www.w3.0rg/2000/01/rdf-schema#">
v<rdf:Description rdf:about="https://www.orkg.org/orkg/paper/a7¢c48312-233b-400b-c0f3-0c296941c6">
<rdf:type rdf:resource="http://orkg.org/core#Paper"/>
<orkg:hasTitle>Divide and Conquer the EmpiRE: A Community-Maintainable Knowledge Graph of Empirical Research in Requirements
Engineering</orkg:hasTitle>
<orkg:hasAuthor>0liver Karras</orkg:hasAuthor>
<orkg:hasAuthor>Felix Wernlein</orkg:hasAuthor>
<orkg:hasAuthor>Jil Kliinder</orkg:hasAuthor>
<orkg:hasAuthor>Soéren Auer</orkg:hasAuthor>
v<orkg_property:P30>
v<rdf:Description rdf:about="https://orkg.org/resource/R140">
<rdfs:label>Software Engineering</rdfs:label>
</rdf:Description>
</orkg_property:P30>
v <orkg:hasResearchContribution>

Graph of Empirical research in RE (KG-EmpiRE) whose data is openly available</orkg_property:P15651>
<orkg_property:P1e@5>1iterature review using the ORKG</orkg_property:P1e@5>

data on the reported empirical research</orkg_property:P1086>
<orkg_property:P1086>answer 16 out of 77 competency questions</orkg_property:P1006>

graphs</orkg_property:P15419>
<orkg_property:P32>unavailability of the extracted and analyzed data from literature reviews</orkg_property:P32>
<orkg_property:P1085>evaluation against competency questions</orkg_property:P10e5>
<orkg_property:P49600>https://github. com/okarras/EmpiRE-Analysis</orkg_property:P49600>
<orkg_property:P2805>https://orkg.org/api/rdf/dump</orkg_property:P2005>
</orkg:ResearchContribution>
</orkg:hasResearchContribution>
</rdf:Description>
</rdf:RDF>
</x:xmpmeta>
<?xpacket end="r"?>

v<rdf:RDF xmlns:orkg="http://orkg.org/core#" xmlns:orkg_property="http://orkg.org/property/" xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"

v <orkg:ResearchContribution rdf:about="https://www.orkg.org/orkg/paper/a7c48312-233b-400b-c0f3-0c296941c6/contribution_ORKG_default">
<orkg_property:P15@51>use of the Open Research Knowledge Graph (ORKG) as such an infrastructure to build and publish an initial Knowledge

<orkg_property:P1066>From 570 papers of the IEEE International Requirements Engineering Conference (2000 -- 20822), we extract and analyze

<orkg_property:P15419>The ORKG is a ready-to-use and advanced infrastructure to organize data from literature reviews as knowledge
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11. Import the FAIR information into the ORKG
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(_IE ORKG View v  Tools v  About v [ NFDI4DataScience ¥ Search... + Add new
Ll
¥,

. Comparison

Create an overview of state-of-the-art

Scholarly Knowledge. Comparal - 2] Fratane for n vt topie oy wiing

multiple contributions simultaneously.
The Open Research Knowledge Graph (ORKG) aims to describe research papers in a struct
ORKG, papers are easier to find and compare. () Play video Paper

The add paper form guides you to the process
of generating structured data for your paper.

= Browse by research field

Other

Add other artifacts, such as datasets, software

Arts and Humanities Engineering Life Sciences or general resources.

433 papers - 33 comparisons 3403 papers - 351 comparisons 4145 papers - 197 comparisons

ke
[T

B U

1. Log in with your credentials  Remark: A

2 Click “+ Add new” ORKG does not save the uploadgd PDF.
It only extracts the FAIR annotations

3. Select “Paper” \embedded in the PDF metadata. y
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11. Import the FAIR information into the ORKG
E.:.“:; ORKG  viewv Toolsv  sboutv  [RENCr R SSEtre Search... Q @

Add paper

DOI@

LOOKUP

When a DOI is entered, some metadata is automatically filled

Show metadata fields Click here if you don't have a DOI

After adding the paper, you will be able to add structured data Add paper

~
Remark:

( 1 ORKG does not save the uploaded PDF.
1. Select Upload PDF It only extracts the FAIR annotations

embedded in the PDF metadata.
\_ y,
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11. Import the FAIR information into the ORKG

Upload PDF

The uploaded PDF file will not be stored on our servers and is only used to extract (meta)data. If the
paper was annotated with SciKGTeX the annotation will be imported automatically.

h

Drag 'n’ drop a PDF file here, or

click here to upload one

\
Remark:

: ORKG does not save the uploaded PDF.
1. Selector drag your PDF file It only extracts the FAIR annotations

embedded in the PDF metadata.
\_ y,
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11. Import the FAIR mformatlon Into the ORKG

%> ORKG  view~

Add paper

0ol@

Hide metadata fields

Paper title (required) @

Divide and Conguer the EmpiRE: & Community-Maintainable Knowledge Graph of Empirical Researc

Research field reguired) @
Software Engineering
Paper authars @
Oliver Karras
Felix Wernlein
Jil Kldnder
Saren Auer
+ Add author
Publication month @
Month ~ Year

Published in @

Paper URL @

Publication year

hin

Requiremen

ts

En

gineer|

ing

EZIB @

red data Add paper

1. ORKG shows imported

metadata

2. Optional: Edit the metadata
3. Select “Add paper” at the

bottom

~
Remark:

ORKG does not save the uploaded PDF.
It only extracts the FAIR annotations
embedded in the PDF metadata.
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11 Import the FAIR mformatlon iInto the ORKG: Result

EZIN ¢

1> ORKG
# ¥ Physical Soences & Mathematics % Computer Sdences ¥ Software Engineering
Paper Bccempaper » M Discussion ) n

Divide and Conguer the EmpiRE: A Community-Maintainable Knowledge Graph of Empirical Research in Requirements
Engineering ¥ =
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o comp
nancs .
Adde
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h?v=ZzrQ YCKVsYa

~
Remark:

ORKG does not save the uploaded PDF.
It only extracts the FAIR annotations

embedded in the PDF metadata.
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